The genetic arms race between pathogen and host plant is a tug of war that has been ongoing for 24 millennia. The "battles" are those of disruption, restoration of signaling and information 25 transmission on a subcellular level. One such battle occurs between rice an important crop that 26 feeds 50% of the world population and the sheath blight disease (SB) caused by the fungus 27 Rhizoctonia solani. It results in 10 30% global yield loss annually and can reach 50% under 28 severe outbreak. Many Receptor like kinases (RLKs) are recruited as soldiers in these battles. 29 Wall Associated Receptor Kinases (WAKs) a subfamily of receptor-like kinases have been 30 shown to play a role in fungal defense. Here we show that rice gene OsWAK91, present in the 31 major SB resistance QTL region on Chromosome 9 is a key component in defense against rice 32 sheath blight. An SNP mutation C/T separates susceptible variety, Cocodrie (CCDR) from the 33 resistant line MCR010277 (MCR). The resistant allele C results in the stop codon loss that 34 results in 68 amino acids longer C terminus carrying longer protein kinase domain and 35 phosphorylation sites. Our genotype and phenotype analysis of the top 20 individuals of the 36 double haploid SB population shows a strong correlation with the SNP. The susceptible allele 37 appears as a recent introduction found in the japonica subspecies reference genome and a 38 majority of the tropical and temperate japonica lines sequenced by the 3000 rice genome project. 39 Multiple US commercial varieties with japonica background carry the susceptible allele and are 40 known for SB susceptibility. This discovery opens the possibility of introducing resistance 41 alleles into high yielding commercial varieties to reduce yield losses incurred by the disease.
Introduction 44
The genetic arms race between pathogen and host plant is a tug-of-war that has been 45 going on for millennia. The "battles" are those of disruption, restoration of signaling and 46 information transmission on a subcellular level. One such battle occurs between rice, an 47 genes that are differentially expressed in CCDR and MCR following inoculation and carry 89 genetic variation that alters the gene function. Based on the gene expression data, genotyping 90 and phenotyping, we present strong evidence supporting a rice Wall Associated Kinase 91 91 (OsWAK91) gene as a potential breeding target for developing SB resistant breeding lines. Figure 1F ). The SB susceptible line CCDR 182 carried the same allele T as the reference, whereas the resistant MCR line carried the C allele. 183 The T C transition results in the loss of a stop codon in MCR WAK91, resulting in a predicted 184 OsWAK91 peptide with an additional 68 amino acids. Sequencing the amplified region of the 185 WAK91 SNP marker confirmed for presence of the susceptible T allele in the parent CCDR, as 186 well as other US elite lines with japonica background, namely, CL53, Cypress, Blue Bonnet, and 187 CL111, whereas in the indica lines namely, IR29, IR64, Jasmine, TeQing, Pokkali, Nonabokra, 188 93-11, Kasalath and Nagina22 (N22) were confirmed to carry the resistant allele C (Figure-1G ). 189 190 Population study 191 Evaluation of the 10 most-resistant individuals of the SB2 double haploid (DH ) population 192 produced disease ratings between 4.7 to 6.0, while the resistant parent MCR showed a 3.5 193 rating in the same study. In contrast, the 10 most-susceptible individuals of the population 194 scored between 7.5 to 8.0, while the susceptible parent CCDR was a 7.5 rating 195 1H, 1I, Supplementary Data File 1). The selective genotyping of the parent lines MCR and 196 CCDR and 20 selected DH lines with 135 nsSNP markers and located in the major and minor 197 SB QTL regions on chromosomes 1, 2, 3, 4, 5, 6, 8, 9, synonymous OsWAK91 SNP (T/C) identified in this study. An ANOVA test was performed, 199 and the best 13 ranked nsSNP markers, based on the ANOVA analysis, F values, False
200
Discovery Rates, and adjusted R 2 values (Table 4) , mapped to the bottom of chromosome-9, 201 within the major SB resistance QTL that was identified previously in 12 separate studies using 202 six indica lines (reviewed by Zuo et al. 2014 30 ). In the major SB QTL region on chromosome-203 10 9, we found that the OsWAK91 (OS09G0561600) gene carried a nsSNP (T/C) at position 204 22,318,449 bp on Chromosome-9 of the Nipponbare rice reference genome. Based on the 205 genotyping data we found that, except in the SB2-99 line, the WAK91 SNP allele C 206 contributed by the MCR parent line always co-segregated with SB resistance phenotype, 207 whereas the allele T from the CCDR parent co-segregates with susceptible phenotype (Figure 208 1H, Supplementary Data File 1).
210

Discussion
211
In our quest of finding candidate genes in rice that can provide good measure of resistance to 212 Rhizoctomia solani and its application for breeding improved disease resistant rice, our study 213 integrated transcriptomics, identifying genetic variation and its causes on the gene function. 214 We identified the rice candidate gene Wall-Associated Kinase 91 (OsWAK91) carrying a T/C 215 mutation at the stop codon. The OsWAK91 SNP site at position 22,318,449 bp on 216 Chromosome-9 of the reference rice genome is part of stop codon (TAG) common to CCDR 217 and the reference japonica line Nipponbare. Due to the presence of allele C in the resistant line 218 MCR, the stop codon TAG is lost and replaced by the codon CAG in the OsWAK91 open 219 reading frame. The codon CAG codes for glutamine, a polar uncharged side chain amino acid.
220
The stop codon loss in the MCR line also results in a OsWAK91 peptide that is 68 amino 221 acids longer compared to that of CCDR and Nipponbare ( Figure 1F ). These results lead to two 222 hypotheses: (1) The OsWAK91 SNP allele C is associated with SB resistance that is To test if the association of the WAK91 SNP allele C with SB resistance is evolutionarily 228 conserved, we sequenced a PCR-amplified fragment overlapping the WAK91 SNP loci from 
231
All US elite rice lines have the japonica background, and are known to be SB susceptible 22 . 232 We predicted, and confirmed that the US japonica lines CCDR, CL53, Cypress, Blue Bonnet, 233 CL111 carry the OsWAK91 T allele associated with known susceptibility 31, 4, [32] [33] [34] [35] [36] [37] [38] . In contrast, Leersia perrieri. All of these species carry the indica-type allele C, and the majority are 248 known to bear the SB resistance phenotype (Figure-1G) 3, 33, 45, 46 . This suggests that the indica-249 type resistant C allele is of ancestral origin. Conversely, the japonica-type susceptible T allele 250 is a more recent introduction in the Oryza clade, and is restricted to the O. sativa subspecies 251 japonica for its origin. We further confirmed its origin by mining the publicly-available 252 genetic variation data from the 3000 Rice Genome Project 47 . The majority of the temperate 253 and tropical japonica and aromatic rice lines carry the japonica T allele, whereas the majority 254 of indica and AUS lines carry the C allele. Only a handful of the lines carry the heterozygous 255 T/C allele ( Figure 1J ). We did not have access to the SB resistance phenotype data for these 256 lines, however, based on our findings, we predict that the indica lines carrying the C allele 257 may bear some degree of SB resistance.
259
The second hypothesis suggests that the OsWAK91 gene from the SB resistant MCR parent 260 encodes a peptide predicted to be 68 amino acid longer due to stop loss in the ORF, and this 261 peptide may have gained a function that plays a role in providing the SB resistance phenotype.
262
The OsWAK91 gene is a member of the Wall-Associated receptor Kinase (WAK) gene family 263 ( Figure 1K ) and codes for a plasma membrane protein. The OsWAK91 protein contains a 264 wall-associated receptor kinase galacturonan-binding domain (WAK domain), followed by a 265 calcium-binding epidermal growth factor (EGF)-like domain in the N-terminal half of the 266 protein that is present on the extra-cellular side, in the middle is a single transmembrane 267 domain spanning the plasma membrane, followed by the cytosolic side containing a protein 268 kinase domain and additional phosphorylation sites for serine, threonine and tyrosine residues, 269 towards its C-terminal ( Figure 1F ). The WAK domain is known to be linked to the pectin In the reference rice genome, the WAK gene family members are distributed in 23 subfamilies 289 ( Figure 1K ) and are reported to play roles in development 54 , abiotic responses 55,56 and fungal 290 disease responses 57 . Genes from five WAK subfamilies C, F, L, and Q did not show 291 expression in our study ( Figure 1K ). The gene OsWAK1 (OS01G0136400) is known to 292 provide resistance to the rice blast disease pathogen Magnaporthe grisea, and its expression is resulted in reduced basal resistance, though it did not affect the growth and fertility 57 . .
311
Conversely, we concluded that both the CCDR and the Nipponbare rice reference lines carry 312 the susceptible T allele with shorter OsWAK91 ORF, and are known for SB susceptibility. We 313 hypothesize that if the OsWAK91 function is knocked out or when the longer C-terminal is 314 not present, the line should become increasingly pathogen susceptible. Therefore, we can Leaf samples approximately 2 cm in length were collected from the control untreated (day 0) and 401 from the inoculation sites 1, 3 and 5 days after treatment, and placed immediately in liquid 402 nitrogen until transfer to -80⁰C freezer for storage. 435 The program DESeq2 (v 1.22.2) was used to investigate gene expression levels of the two rice 
Differential gene expression (DGE)
